The isolation of human DBP was achieved by an extensive sequence of procedures which resulted in a final yield of only approximately 4 mg of purified DBP from a starting volume of 34 liters of plasma. Purified DBP was homogeneous in the analytical ultracentrifuge and showed a single band of protein on analytical polyacrylamide gel electrophoresis. DBP had a sedimentation constant of 3.49s and a mol wt of approximately 52,000. The molecular weight was assessed by sedimentation equilibrium analysis and also by sodium dodecyl sulfatedisc-gel electrophoresis and by gel filtration on a standardized column of Sephadex G-150. The amino acid composition of DBP was determined and was generally consistent with the estimated extinction coefficient (Elem1% at 280 nm) of about 9.1. The isoelectric point of DBP was estimated as 4.8 from isoelectric focusing experiments. Direct study of the binding capacity of the purified DBP for added 25-OH-Ds showed that the isolated DBP had a high affinity for 25-OH-D3, with an apparent maximum binding capacity of one molecule of 25-OH-D3 per molecule of protein.
The isolation of human DBP was achieved by an extensive sequence of procedures which resulted in a final yield of only approximately 4 mg of purified DBP from a starting volume of 34 liters of plasma. Purified DBP was homogeneous in the analytical ultracentrifuge and showed a single band of protein on analytical polyacrylamide gel electrophoresis. DBP had a sedimentation constant of 3.49s and a mol wt of approximately 52,000. The molecular weight was assessed by sedimentation equilibrium analysis and also by sodium dodecyl sulfatedisc-gel electrophoresis and by gel filtration on a standardized column of Sephadex G-150. The amino acid composition of DBP was determined and was generally consistent with the estimated extinction coefficient (Elem1% at 280 nm) of about 9.1. The isoelectric point of DBP was estimated as 4.8 from isoelectric focusing experiments. Direct study of the binding capacity of the purified DBP for added 25-OH-Ds showed that the isolated DBP had a high affinity for 25-OH-D3, with an apparent maximum binding capacity of one molecule of 25-OH-D3 per molecule of protein.
INTRODUCTION
It is now well recognized that vitamin D and its hepatic metabolite 25-hydroxyvitamin D circulate in plasma bound to specific transport proteins. These proteins presumably serve to transport vitamin D to the liver, where it is converted to its 25-hydroxy metabolite, and to then transport this metabolite to the kidney for conversion to 1,25-dihydroxyvitamin D (1-3). 1,25-Dihydroxyvitamin D, the hormonal form of the vitamin, is then secreted by the kidney and transported to target tissues, such as the intestinal mucosa, to exert its physiologic effects.
Information about the transport of vitamin D and
25-hydroxyvitamin D (25-OH-D)' in plasma has been
obtained from studies conducted with plasma or serum from humans (4) (5) (6) (7) (8) (9) , rats (7) (8) (9) (10) , and chicks (7) (8) (9) .
These studies have shown that chick serum contains two vitamin D-binding proteins, one of which binds mainly cholecalciferol and the other of which binds 25 -hydroxycholecalciferol (7, 9) . In contrast, rat serum appears to contain a single protein which binds and transports both vitamin D and 25-OH-D (7-9). We have recently described strong evidence that hu- 
METHODS
Plasma. The large scale isolation of DBP was carried out with 34 liters of plasma in acid-citrate-dextrose anticoagulant, obtained from the blood bank of The Presbyterian Hospital, New York. To label the DBP, 1-1.5 liters of plasma was incubated with 3H-labeled 25-OH-D3, (25- ;hydroxy-[26(27)-methyl-3H]-cholecalciferol, 2.7 mCi/mg, from Amersham/Searle Corp., Arlington Heights, Ill.) in the amount of 10 ,Ci added in 2 ml ethanol per liter of plasma. The 'H-labeled 25-OH-D3 was checked for purity before use by chromatography on a column of Sephadex LH-20 and was found to be greater than 95% pure. After incubation at 4°C for 5 h, the labeled plasma was dialyzed against 25 liters of deionized water three times, centrifuged at 1,600 rpm for 30 min, lyophilized, and stored at -200.
This procedure was repeated a total of 27 times to label the 34 liters of plasma.
Column chromatography. Gel filtration on columns of Sephadex G-200, G-150, or G-100 (Pharmacia Fine Chemicals, Inc., Piscataway, N. J.), and chromato.graphy on columns of DEAE-cellulose (Whatman, Inc., Clifton, N.J.) were carried out as described in previous publications from this laboratory (5, (11) (12) (13) (13, 14) , with the method of Yphantis (17) . These calculations employed the value of 0.73 as an estimate for the term V, and a value of 1.0094 for p.
Molecular weight estimates. The molecular weight of human DBP was also estimated by SDS-disc-gel electrophoresis and by gel filtration on a standardized column of Sephadex G-150. The SDS-disc-gel electrophoresis method was similar to that described previously (13, 15) . After electrophoresis the gels were stained for protein and the values of the relative mobility of different proteins were plotted against the logs of their molecular weights. The standard proteins used were: bovine serum albumin, rat serum albumin, ovalbumin, chymotrypsinogen, and trypsin.
The gel filtration method was similar to the method described by Whitaker (18) , as previously reported from our laboratory (12, 13) . The study employed 'I-labeled DBP, labeled by the lactoperoxidase method (19) and prepared in the course of development -of a radioimmunoassay Vitamin D Transport in Human Plasma for DBP, to be described in detail in another report.' A sample was prepared containing`'I-DBP (approximately 0.82 ng and 0.08 *Ci) + 2 mg each of myoglobin and human gamma globulin + a small amount of blue dextran polymer, in 0.6 ml 0.05 M K phosphate buffer, pH 7.4, containing 0.1 M NaCl. The sample was chromatographed on a column of Sephadex G-150, 1.1 X 100 cm in size. Elution with the same buffer was carried out at a flow rate of 7 ml/h; fractions of 0.9 ml each were collected. The absorbance of the effluent stream at 280 nm was monitored continuously. The effluent volume (V.) of DBP was determined by radioassay of the eluted fractions for 'I. The void volume (V.) was determined from the effluent volume of the blue dextran polymer. The column was standardized by chromatography on it of small samples (about 2 mg each) of standard pro-,teins, including bovine serum albumin, human prealbumin, ovalbumin, chymotrypsinogen A, and myoglobin.
The proteins of known molecular weight used as standards for these analyses were obtained from Mann Research Labs, Inc., New York, with the following exceptions. Rat serum albumin was obtained from Nutritional Biochemicals Corp., Cleveland, Ohio and was purified by preparative gel electrophoresis before use. Human prealbumin was isolated from plasma in this laboratory (14) . Linear regression lines for each of the two plots (log molecular weight vs. relative mobility or vs. V.: V.) were calculated by the method of least squares with a Wang model 700A electronic calculator (Wang Laboratories, Inc., Tewksbury, Mass.) with programs prepared for that instrument.
Amino acid analyses. Because of the small amount of pure human DBP available, amino acid analyses were carried out on only a very few samples, all subjected to hydrolysis for the single time interval of 24 h. Duplicate samples of 0.1 mg DBP each were hydrolyzed in 6 N HCl in evacuated sealed tubes at 1100C. Samples of human prealbumin were subjected to acid hydrolysis under the same conditions at the same time to serve as standards of known composition (20) . Subsequently, for tryptophan determination, one sample of 0.2 mg DBP was hydrolyzed in 4 N methane sulfonic acid containing 0.8% 3-(2-amino- pH 7.4, containing 0.15 M NaCl and 0.02% Na azide. Elution was carried out with the same buffer at a flow rate of 4.5 ml/h; fractions of 0.9 ml each were collected. 0.5-ml portions of each fraction were assayed for radioactivity.
Other procedures. The extinction coefficient of DBP at 280 nm (E,,,.l'%) was estimated by measuring the absorbance at 280 nm and the protein concentration by the method of Lowry et al. (22) , with human serum albumin as a standard, on the same solution of pure DBP.
Absorbances and absorption spectra were measured with a Gilford model 2400 (Gilford Instrument Laboratories, Inc., Oberlin, Ohio) or a Beckman DB spectrophotometer. Large volumes of column effluents were concentrated by ultrafiltration using the Sartorius Membranfilter Ultrafiltration System (Sartorius Membranfilter, G6ttinger, W. Germany).
Radioassay of column effluents or other protein solutions was carried out by adding a measured volume of aqueous sample plus water as needed to provide a total volume of 3.5 ml, to 15 ml of Aquasol (New England Nuclear, Boston, Mass.) in a counting vial, followed by radioassay in a Packard model 3003 liquid scintillation spectrometer (Packard Instrument Co., Inc., Downers Grove, Ill.). Radioassay of gel slices from indicator gels after isoelectric focusing was carried out by digestion of the minced gel slice with 0.5 ml of H202 at 50°C overnight in a counting vial, followed by the addition of 10 ml of Aquasol and subsequent direct assay in the scintillation counter. RESULTS Purification of DBP. DBP was isolated from human plasma by the following sequence of procedures: chromatography on SP-Sephadex (repeated once); gel filtration on Sephadex G-200; chromatography on DEAEcellulose, repeated serially for a total of four times; chromatography on Blue Sepharose 6B, repeated a total of three times; gel filtration on Sephadex G-100; preparative isoelectric focusing; and preparative polyacrylamide gel electrophoresis. These procedures resulted in the isolation of a sample of DBP which had been purified at least 13,000-fold from whole plasma.
Chromatography on SP-Sephadex. DBP in plasma was labeled in vitro by the addition of tracer amounts of 'H-labeled 25-OH-D3, as described under Methods. The lyophilized, labeled plasma (34 liters total) was divided into seven portions, and each portion was chromatographed on a large, sectional column of SP-Sephadex, as described in Fig. 1 . After each chromatographic run, the eluted radioactive fractions were combined, concentrated by ultrafiltration, dialyzed against water, lyophilized, and stored at -20°C. Second chromatography on SP-Sephadex. The radioactive protein samples obtained after each of the first SP-Sephadex chromatographic runs (seven samples, each obtained as shown in Fig. 1 ) were combined and dissolved in 3 liters of 0.02 M Na acetate buffer, pH 5.15, with 0.015 M NaCl and 0.02% Na azide. The resulting sample was chromatographed on a sectional column of SP-Sephadex C-50 (37 cm X 30 cm, two sections) equilibrated with the same buffer, with elution with this buffer then carried out at the rate of 4 liters/h. The eluted radioactive fractions (15 liters) were combined and concentrated by ultrafiltration. The recovery of radioactivity ('H) during this chromatographic procedure was 78%. The purification of DBP (in terms of radioactivity [dpm] per unit of absorbance at 280 nm) was 8.3-fold, as compared with the original plasma.
Gel filtration on Sephadex G-200. The sample obtained after SP-Sephadex chromatography was subjected to gel filtration as shown in Fig. 2 . The recovery of radioactivity was 96%, with an additional 1.84-fold increase in purity (as defined above).
DEAE-cellulose chromatography (four times). DBP was purified further by chromatography on DEAEcellulose, repeated serially for a total of four times. The results of the first of these chromatographic runs are shown in Fig. 3 . The radioactive fractions obtained from this procedure were combined and rechromatographed on a smaller (4 X 45-cm) column of DEAEcellulose, using conditions generally similar to those described for Fig. 3 , but with a flow rate of approximately 100 ml/h. The radioactive fractions from the second DEAE-cellulose chromatographic run were combined and chromatographed on a still smaller (2.5 X 45-cm) column of DEAE-cellulose, followed by a further, Figure, was begun at the time the salt gradient was initiated. Fractions of 18 ml each were collected at a flow rate of 180 ml/h. After assaying eluted fractions for protein (absorbance at 280 nm) and for radioactivity, the fractions showing significant radioactivity (fractions 116-191) were combined to yield a pool of 1,480 ml volume, which was used for repeat chronmatography on a smaller column of DEAE-cellulose. was 26%, with an additional 24-fold increase in purification achieved.
Blue Sepharose 6B chromatography (two times). This procedure was carried out in order to remove plasma albumin, which binds tightly to Blue Sepharose 6B under the appropriate conditions. The radioactive eluate from the fourth DEAE-cellulose chromatography (330 ml) was mixed with 100 ml 0.44 M NaCl (final concentration 0.15 M) and applied to a column of Blue Sepharose 6B equilibrated with 0.025 M Tris-HCl buffer, pH 8.0, with 0.15 M NaCl and 0.03% Na azide. Elution with the same buffer was carried out at a flow rate of 55 ml/h. All the fractions showing absorbance at 280 nm were combined (667 ml total), dialyzed exhaustively against water, and lyophilized. It was estimated that about 75 mg of plasma albumin (which remained bound to the column) was removed from the sample (which comprised a total of approximately 500 mg protein before chromatography). Immunodiffusion of the eluate vs. anti-albumin antiserum showed that there still was present in the preparation about 10 mg of albumin.
Chromatography on Blue Sepharose 6B was repeated under slightly different conditions, as described in Figure) were pooled, dialyzed against water, and lyophilized.
The lyophilized pools from all three chromatographic runs (constituting the entire sample) were subsequently combined for gel filtration on Sephadex G-100. 4. The recovery of radioactivity was 96%, with a further 2.7-fold increase in purification.
Gel fltration on Sephadex G-100. The sample from the preceding step (see legend to Fig. 4 ) was dissolved in 5 ml 0.025 M Tris-HCl buffer, pH 8.0, containing 0.05 M NaCl and 0.03% Na azide, and applied to a column of Sephadex G-100 (2.5 X 144 cm). Elution was carried out with the same buffer. Fractions of 3.2 ml were collected at a flow rate of about 12 ml/h. The radioactive fractions were pooled, dialyzed against water, and lyophilized. The recovery of radioactivity was 88%, with a further 1.8-fold increase in purification.
Third Blue Sepharose 6B chromatography. The sample obtained after gel filtration was applied to a column of Blue Sepharose 6B (2.5 X 47 cm), equilibrated with 0.05 M Tris-HCI buffer, pH 7.0. Elution was carried out with the same buffer. Fractions of 1.4 ml were collected at a flow rate of about 5 ml/h. The radioactive fractions were pooled, dialyzed against water, and lyophilized. Albumin was fully removed by this procedure.
Preparative isoelectric focusing. The sample ob- tained after the third Blue Sepharose chromatographic step was analyzed by isoelectric focusing and by electrophoresis on polyacrylamide gels (Figs. 5 and 6, respectively). On disc-gel electrophoresis, the sample showed one major and five minor bands of protein (Fig.  6, gel B) . On isoelectric focusing (with an analytical, indicator gel) one broad band and nine sharp bands of lesser protein content were revealed (Fig. 5 ). Radioactivity was associated mainly with the middle band of a group of three sharp bands, as shown in Fig. 5 . Accordingly, further purification of DBP was undertaken by preparative isoelectric focusing, as described under Methods. This procedure resulted in the recovery of 68% of the radioactivity applied to the preparative gel with a further 4.6-fold increase in purification. Discgel electrophoresis of the sample obtained after isoelectric focusing showed one major and two minor bands of protein (Fig. 6, gel A) .
Polyacrylamide gel electrophoresis. Preparative gel electrophoresis was carried out as described in Fig. 7 . Approximately 4 mg of purified DBP was obtained. On analytical (disc-) gel electrophoresis this purified DBP showed only a single band of protein, with mobility similar to that of plasma albumin (Fig. 6, gel D) . This DBP was subjected to gel filtration on a small column of Sephadex G-200. The DBP-containing fractions from the Sephadex G-200 column were dialyzed exhaustively against water and lyophilized to dryness. The lyophilized DBP was stored at -60°C. Table I summarizes the results obtained throughout the entire sequence of procedures used for the isolation of plasma DBP. The final recovery of radioactivity in the purified DBP was 2.2%. The apparent purification, estimated from the specific radioactivity (expressed as dpm 'H per unit of absorbance at 280 nm), was 12,960. Since it is likely that some radioactive 25-OH-Da was removed from its binding protein and lost during the course of the purification sequence, it is probable that the final preparation represented DBP purified more than 13,000-fold.
Analytical ultracentrifuge studies. Sedimentation velocity study showed that purified DBP migrated as a single homogeneous protein with a sedimentation constant (S20.w) of 3.49s. Fig. 8 shows the results of sedimentation equilibrium analysis. DBP appeared to be a single homogeneous component, as can be judged from the linearity of the data. The mol wt of DBP was estimated to be 51,800.
Spectroscopy. The absorption spectrum of purified DBP in solution showed a peak of absorbance with maximum at 276 nm. The extinction coefficient (Eicm1% FIGURE 7 Preparative polyacrylamide gel electrophoresis of the DBP preparation obtained after preparative isoelectric focusing. Approximately 9 mg protein was applied to a gel column 7-cm high (about 80 ml volume). The major portion of the electrophoresis was carried out at 300 V with 15 mA current. Fractions of 1.9 ml each were collected at a flow rate of about 16 ml/h. The fractions were assayed for protein (absorbance at 280 nm) and radioactivity. Fractions 33 through 39, comprising the sharp peak of protein and protein-bound radioactivity, were pooled, dialyzed exhaustively against water, and lyophilized. Calculated as total disintegrations per minute of 'H divided by total absorbance at 280 nm (i.e., dpm per unit of Ano). § Expressed in cumulative terms (original labeled plasma = 100% of radioactivity). I I Calculated from the increase in apparent specific radioactivity and expressed in cumulative terms (original whole plasma = 1.0). Molecular weight. In addition to the sedimentation equilibrium study described above, the molecular weight of purified DBP was also estimated by SDS-disc-gel electrophoresis and by gel filtration on a standardized column of Sephadex G-150. The SDS-disc-gel electrophoresis study was repeated twice, giving the following three values as estimates of the mol wt: 51,500, 52,000, and 51,600. Gel filtration provided a mol wt estimate of 56,000. Thus, the values obtained by the several different methods agreed quite well with each other. Since the sedimentation equilibrium analysis was considered quantitatively the most accurate, the value of 52,000 was taken as an estimate of the mol wt of DBP.
Amino acid composition. The results of the amino acid analyses of purified DBP are presented in Table  II . Samples of human prealbumin, subjected to acid hydrolysis and analyzed concurrently, showed results which conformed to the known amino acid composition of prealbumin (20) . These assays served to verify the accuracy of the methods employed. The estimated number of residues per DBP molecule, shown in the righthand column of Table II and calculated from the percentage distribution of observed micromoles, was determined for a protein of mol wt between 51,000 and 52,000.
On amino acid analysis of the sample obtained after methane sulfonic acid hydrolysis, no peak was observed before that of tryptophan corresponding to the expected location for hexosamine (e.g., glucosamine or galactosamine). It was anticipated that such a peak would have been seen if hexosamine comprised more than about 1-2% of the weight of the molecule. No specific assays for carbohydrate were carried out. Binding capacity of DBP. The binding capacity of purified DBP for 'H-labeled 25-OH-D3 was determined as described under Methods. Increasing amounts of labeled 25-OH-D3 were added to solutions of DBP, followed by gel filtration to determine the amount of 'H (and hence, of 25-OH-D3) associated with DBP in each sample. Solutions of DBP with 25-OH-D5 added in amounts varying from a molar ratio (25-OH-Ds: DBP) of 1: 10 to one of 20: 1 were examined. The results are shown in Fig. 9 . When 'H-labeled 25-OH-Ds was added to DBP in a molar ratio of 1: 1 or less, radioactivity was eluted as a single peak at the effluent volume expected for DBP. When 25-OH-D3 was, however, added in excess of DBP (molar ratios of 10:1 or 20:1), radioactivity was eluted as two peaks, one with V. corresponding to DBP, and a later peak with Ve corresponding to low molecular weight compounds. The amount of ) . After each run, the eluted fractions were assayed for protein (absorbance at 280 nm) and for radioactivity. The magnitude of the peak of eluted 'H corresponding to the effluent volume of DBP is shown in this Figure, plotted as the observed peak height of eluted protein-bound 'H (curve labeled "total binding"). Since this observed peak was comprised both of 'H-labeled 25-OH-D, specifically bound to DBP and of labeled 25-OH-D3 nonspecifically bound to prealbumin, a series of control solutions was prepared containing prealbumin without DBP, but with the same amounts of added 3H-labeled 25-OH-D3. The magnitudes of the small peaks of protein-bound 'H observed with these control solutions are shown in the figure (curve labeled "nonspecific binding"). The amount of 3H-labeled 25-OH-D3 specifically bound to DBP for each molar ratio studied was then calculated by subtracting the value for nonspecific binding from that for total binding, thus giving the data points and curves marked "specific binding" in this Figure. protein-bound radioactivity eluted with the DBP peak increased as the amount of added 3H-labeled 25-OH-D5 was increased, up to a molar ratio of 1: 1 in the sample applied to the column. At higher molar ratios of 25-OH-Ds to DBP, the amount of protein-bound radioactivity represented by specific binding to DBP (see Fig.  9 legend) did not increase significantly beyond that seen at a molar ratio of 1:1. These data suggest that DBP has a high affinity for 25-OH-D3, but with a binding capacity for only one molecule of 25-OH-D3 per molecule of DBP.
To explore further the binding capacity of DBP for 25-OH-D3, the eluted fractions obtained after gel filtration of the solution containing 25-OH-D3 and DBP in a molar ratio of 10: 1 (Fig. 9) were analyzed further. The radioactive fractions corresponding to DBP were Vitamin D Transport in Human Plasma pooled and assayed for 'H. The corresponding fractions from the control sample (prealbumin alone, see legend to Fig. 9 ) were also pooled, and the 'H content of this sample (representing nonspecific binding) was subtracted from that of the DBP-containing sample, to determine the amount of 'H-labeled 25-OH-D3 specifically bound to DBP. From the known specific radioactivity of the added 25-OH-D3, it was calculated that the concentration of specifically bound 25-OH-D3 in the sample was 2.00 X 10' nmol/ml. The concentration of DBP in the sample was determined by radioimmunoassay,2 and was estimated as 2.07 X 10-' nmol/ml (mean of three values from different assays). The molar ratio of 25-OH-D3 specifically bound to DBP in the sample was hence 1:1. Since the solution originally had a 10-fold molar excess of 25-OH-D3, it is likely that the DBP was saturated with 25-OH-Da, and that the molar ratio of 1: 1 represents the maximum binding capacity of DBP for 25-OH-D3.
DISCUSSION
This report describes the isolation and partial characterization of human plasma vitamin D and 25-hydroxyvitamin D binding protein, the transport protein for vitamin D and for 25-OH-D in human blood. This protein, which we have called DBP, has a sedimentation constant of 3.49s and a mol wt of approximately 52,000. The molecular weight was assessed by sedimentation equilibrium analysis and also by SDS-disc-gel electrophoresis, and by gel filtration on a standardized column of Sephadex G-150. The isolation of human DBP was achieved by an extensive sequence of procedures which resulted in a final yield of only approximately 4 mg of purified DBP from a starting volume of 34 liters of plasma. The amino acid composition of the purified DBP is presented in Table II , and is generally consistent with the estimated extinction coefficient (Eiem1%) at 280 nm of about 9.1. DBP had mobility similar to that of plasma albumin on polyacrylamide gel electrophoresis under the conditions employed. The isoelectric point of DBP was estimated to be 4.8, from the results of isoelectric focusing.
Plasma DBP was identified in this work by the addition of a tracer amount of 8H-labeled 25-OH-D3 to the original plasma used for protein fractionation. Previous experiments have shown that such 25-OH-D3 added in vitro binds to the same protein normally responsible for the transport of endogenous 25-OH-D3 and of vitamin D (11) . Direct study of the binding capacity of the purified DBP for added 25-OH-D3 demonstrated that the isolated DBP had a high affinity for 25-OH-D3, with an apparent maximum binding capacity of one molecule of 25-OH-D3 per molecule of protein. We presume that DBP would manifest a similar binding capacity for vitamin D3, although direct studies with vitamin D3 have not been carried out. Previous studies of the competitive displacement of labeled 25-OH-Ds from its plasma transport protein, with whole or slightly purified plasma preparations, have demonstrated a higher affinity of the plasma binding protein for 25-OH-D8 than for vitamin D3 itself, in both the human (4) and the rat (8) .
The isolation and partial characterization of a human vitamin D-binding plasma protein has previously been reported by Peterson (6) . This protein was reported to have a mol wt of approximately 53,000, a sedimentation constant of 3.8s, and a,-mobility. Although the properties of this reported protein (6) are in many ways similar to those of DBP reported here, significant differences do exist. Thus, Peterson estimated a value of 15.0 for the Eicm'% at 280 nm, whereas DBP reported here had a value of approximately 9.1. In addition, major immunologic differences exist between the two preparations, since the preparation reported by Peterson was immunologically different from the group-specific component (Gc) proteins in plasma, whereas the purified DBP reported here has been found to be immunologically identical with the Gc proteins.2 It should be noted, in addition, that the preparation reported by Peterson was labeled in vitro by the addition of "C-labeled vitamin D3 to plasma, and that neither the amino acid composition nor direct data on the binding capacity of the purified preparation were reported.
Human plasma DBP resembles plasma retinol-binding protein (RBP), the specific transport protein for vitamin A, in apparently having one binding site per molecule of protein for one molecule of the appropriate lipidsoluble ligand (12) . Both proteins serve the physiologically important role of solubilizing biologically important but water insoluble compounds which require transport to their target tissues or other anatomic sites. The interaction of retinol with RBP has also been shown to protect the unstable retinol molecule against chemical degradation (12, 23) . It remains to be determined whether the interaction of 25-OH-D3 or of vitamin D with DBP serves a similar function. RBP differs from DBP, however, in being a smaller protein (mol wt 21,000), which circulates in plasma in the form of a protein-protein complex with plasma prealbumin. DBP and RBP also appear to differ significantly with regard to their metabolic regulation. It is known that RBP is secreted from the liver and circulates in plasma almost entirely as the retinol-RBP complex (i.e., the holoprotein) (23) (24) . In contrast, most of plasma DBP appears to be unsaturated with either 25-OH-D or with vitamin D. Thus, it has been reported that rat serum contains a relatively high binding capacity for 25-OH-D3, representing approximately 20 times the nor-mal concentration of circulating 25-OH-D3 (25) . In addition, recent experiments in our laboratory using a radioimmunoassay procedure developed for DBP2 have demonstrated that immunoreactive DBP is present in normal human plasma in considerable molar excess as compared to either 25-OH-D or to vitamin D itself. Studies of this and related questions are under continuing investigation.
